Background: Short stature and leg length are associated with risk of diabetes and obesity. However, it remains unclear whether this association is observed in Asians. We evaluated the association between short stature and increased risk for diabetes using the Korean National Health Screening (KNHS) dataset. 
INTRODUCTION
The prevalence of diabetes is markedly increasing in Asia-Pacific region [1, 2] . This increased prevalence is in part due to the genetic vulnerability to insulin secretory dysfunction at a given body size of people born in this region compared to that of Caucasians [2, 3] . Furthermore, the increasing prevalence of obesity in this region suggests an increase in Western-type diabetes, that is, "obese" and "insulin-resistant" diabetes [4, 5] .
The striking increase in the prevalence of diabetes may be explained by the global increase in the obese population [4] . Excessive body fat and abdominal obesity are important risk factors for the development of diabetes, and numerous studies have reported significant associations between obesity parameters such as body mass index (BMI), waist circumference (WC), waist-hip ratio, and waist-to-height ratio and risk for diabetes [6] [7] [8] . However, controversy remains regarding which parameter shows the greatest correlation with risk for diabetes. For the past decades, numerous studies have suggested a significant association between short stature and increased risk for diabetes [9] . However, this association remains controversial [10] . In a recent study performed in Iranian first-degree relatives of patients with type 2 diabetes mellitus, height was inversely correlated with diabetes incidence in 5.5 years of follow-up, after adjustment for confounding variables [11] . However, in 1,730 participants in San Antonio Heart Study, addition of height to adjust WC did not increase the ability of WC to predict diabetes [10] . In another meta-analysis that included 17 cross-sectional and longitudinal studies, height was inversely associated with type 2 diabetes mellitus only in female [12] . Although there are sufficient numbers of studies published for meta-analyses, most of the studies were performed in Caucasians or South Asians, but not in East Asians.
Therefore, in this study, we analyzed the association between baseline height and future risk for diabetes development in 21,123,022 Korean adults, using data from the Korean National Health Screening (KNHS) dataset.
METHODS

Database of the National Health Insurance Service
Nearly all Koreans (97.2% of the Korean population, approximately 50 million) are covered by the National Health Insurance Service (NHIS), which is a nonprofit, single-payer health care organization administered by the Korean government. The NHIS maintains patients' demographic information, claims for disease diagnosis codes of the International Classification of Diseases 10th (ICD-10), and examination and treatment data that can be used to construct population-based cohorts [13] . Insured Korean adults over the age of 40 and employees over the age of 20 undergo regular health checkups provided by the NHIS every 1 or 2 years. The KNHS databases obtained through these checkups provide a variety of information including anthropometric measurements, health questionnaire data, and laboratory findings. These databases and the aforementioned nationwide medical records were combined with the aim of constructing a cohort for our study analysis, following NHIS approval of the use of its database for the research (research number NHIS-2017-1-201).
Study design and population
All participants who underwent KNHS during the 4 years from 2009 to 2012 (n=23,503,802) were initially enrolled in the study. Participants younger than 20 years of age (n = 186,235) and those with missing data for baseline characteristics and covariates (n=59,805) were subsequently excluded. Participants who had pre-existing diabetes at baseline (n= 2,135,340) were also excluded from the study, leaving a total of 21,122,422 participants (Fig. 1) .
The diagnosis of diabetes at baseline was made based on fasting blood glucose (FBG) ≥126 mg/dL or ICD-10 code E11 to 14 with a claim for anti-diabetic medication [14] . The diagnosis of hypertension or hyperlipidemia was confirmed using laboratory data (systolic blood pressure ≥140 mm Hg and diastolic blood pressure ≥90 mm Hg; total cholesterol levels ≥240 mg/dL) or ICD code (ICD-10 code I10 to I15; or E78) with a claim for medication for the individual disease. Ischemic heart disease (IHD) was defined by claims of ICD-10 codes I21-25. Cancer was defined as patient registration in the NHIS with ICD-10 code C, and chronic obstructive pulmonary disease (COPD) was defined as ICD-10 codes J41 to J44. Chronic kidney disease (CKD) was defined by estimated glomerular filtration rate <60 mL/min/1.73 m 2 by the Modification of Diet in Renal Disease method [15] .
Ethic statement
Our study protocol was approved by the Institutional Review Board (IRB) of the Kangbuk Samsung Hospital (KBSMC2018-07-011). The requirement for informed consent was waived by the IRB as the data released to the researchers were de-identified. 
Anthropometric measurement and baseline characteristics
All baseline parameters were measured at the time of NNHS examinations. Body weight (kg) and height (cm) were measured using an electronic scale, and WC (cm) was measured at the middle point between the rib cage and iliac crest by trained examiners. BMI was calculated with body weight (kg) divided by height (m) squared. All blood samples were collected after fasting, and blood pressure was measured using a sphygmomanometer after 5 minutes of rest. Baseline health behaviors such as income, smoking, alcohol drinking, and exercise were confirmed through standardized questionnaires. Participants were divided into three groups according to smoking status (never smoker, ex-smoker, and current smoker), and three groups according to drinking status (none, drinking less than 30 g/day, and drinking equal to or more than 30 g/day). Physical activity was defined as engaging in regular exercise (either of the next intensity levels): physical activity with high intensity of more than 20 minutes per session ≥3 days a week, and physical activity with moderate intensity for more than 30 minutes per session ≥5 days a week.
Study outcomes
We recorded newly diagnosed diabetes using the claim records of the NHIS until the end of 2015. Participants were divided into five groups according to "age-dependent (20 to 39, 40 to 59, and ≥60 years) and sex-dependent" categorization of height, and the hazard ratios (HRs) for development of diabetes per 1-standard deviation (SD) increase in height was analyzed. The cutoffs for each quintile groups were as follows: males (20 The HRs for diabetes development per 1-SD increase in height were analyzed in seven groups divided by SD of height: <-3, -3 to -2, -2 to -1, -1 to 1, 1 to 2, 2 to 3, >3 SD. The HRs for diabetes were analyzed in five groups divided according to BMI: <18. In addition, the HRs for diabetes development per 1-SD increase in height were analyzed in two groups divided by FBG <100 or 100 to 125 mg/dL.
Statistical analyses
Comparisons of the continuous variables among the groups divided by quintiles of height were performed using one-way analysis of variance. Comparisons of the categorical variables among the groups were performed with the chi-square test.
HRs were assessed using the Cox proportional hazards model with a 95% confidence interval (CI) by analyzing the risk of diabetes development. We conducted multivariable adjustments of age, sex, health behaviors, and underlying diseases (hypertension, dyslipidemia, IHD, COPD, CKD, and cancer) that could affect the outcome, and further included BMI or WC levels as a calibration variable in the analyses of WC or BMI to demonstrate independent relationships not affected by another anthropometric marker. Various obesity indices such as, body weight, WC, BMI, and abdominal obesity defined by different WC cutoffs according to sex were separately included in the model and the HRs for diabetes were analyzed to observe the effects of individual index on the association between height and diabetes risk, resulting in total of six models. SAS version 9.3 (SAS Institute Inc., Cary, NC, USA) was used for all statistical analyses. P values less than 0.05 were considered significant.
RESULTS
The mean age of participants was 47 years, and 50.1% were male (Table 1 ). The mean body weight and height of the study population were 63 kg and 163 cm, respectively. Mean values for FBG, lipid profiles, and blood pressure were significantly different among the five groups divided by quintiles of height; however, the differences were small.
During a median follow-up period of 5.6 years, 532,918 cases (2.5%) of diabetes occurred. The incidence rate was shown to decrease from the 1st quintile of height to the 5th quintile (Table 2) . When the 5th quintile group, the tallest group, was designated as the reference group, the risk for diabetes development gradually increased from the 5th quintile to the 1st quintile group after adjustment for confounding variables (Table 2). These trends were consistent even when BMI, WC, or abdominal obesity was included in the analyses. When the analyses were performed with height as the continuous variable, a 1-SD increase of height resulted in a 2% decreased risk for diabetes development (Table 2) .
When the analyses were performed in groups divided according to sex, similar results were observed ( Model 1: adjusted for age and sex; Model 2: adjusted for age, sex, smoking, drinking, exercise, income, hypertension, dyslipidemia, ischemic heart disease, history of cancer, chronic obstructive pulmonary disease, and chronic kidney disease; Model 3: adjusted for age, sex, smoking, drinking, exercise, income, hypertension, dyslipidemia, ischemic heart disease, history of cancer, chronic obstructive pulmonary disease, chronic kidney disease, and body weight; Model 4: adjusted for age, sex, smoking, drinking, exercise, income, hypertension, dyslipidemia, ischemic heart disease, history of cancer, chronic obstructive pulmonary disease, chronic kidney disease, and body mass index; Model 5: adjusted for age, sex, smoking, drinking, exercise, income, hypertension, dyslipidemia, ischemic heart disease, history of cancer, chronic obstructive pulmonary disease, chronic kidney disease, and waist circumference; Model 6: adjusted for age, sex, smoking, drinking, exercise, income, hypertension, dyslipidemia, ischemic heart disease, history of cancer, chronic obstructive pulmonary disease, chronic kidney disease, and abdominal obesity (waist circumference ≥90 cm in males, ≥85 cm in females). HR, hazard ratio; SD, standard deviation. similar analyses were performed in seven groups divided by 1-SD increase in height, the risk for diabetes development significantly decreased from the <-3 SD group to the >3 SD group, a result that was significant even after adjustment for multiple confounding variables including baseline body weight (Fig. 2) . When similar analyses were performed according to the subgroups of various diseases, 1-SD increase in height showed significantly decreased risk for diabetes development in various disease groups, a result that was significant even after adjustment for multiple confounding factors (Fig. 3) .
When the risk for diabetes development with 1-SD increase of height was analyzed according to baseline fasting glucose, the decreased HR for diabetes development was significant only in individuals with FBG within normal limits (<100 mg/dL) (HR, 0.979; 95% CI, 0.975 to 0.983). However, in those with FBG 100 to 125 mg/dL, the HR for diabetes development was greater than 1, suggesting that the inverse association between height and diabetes development was only significant in individuals with normal FBG (HR, 1.023; 95% CI, 1.019 to 1.026).
When the risk for diabetes development per 1-SD increase of height was analyzed according to baseline BMI, the HR for diabetes development was lower than 1 only in individuals with BMI lower than 23 kg/m 2 , and began to be higher than 1 in those with BMI equal to or greater than 23 kg/m 2 , suggesting that the inverse correlation between height and diabetes development was only significant when the participant was lean (Fig. 4) . These results were significant even after adjustment for confounding factors.
DISCUSSION
In this study performed in a large study population derived from a nationwide population-based database, an inverse association was observed between height and the risk for diabetes development. Compared to individuals in the highest quintile of height, those in the lowest quintile groups showed a 1.2-fold increased risk for diabetes, and these results were significant even after rigorous adjustment for multiple confounding factors, including common obesity indexes, such as WC and BMI. Interestingly, similar findings were observed in groups analyzed by sex, as well as in numerous subgroups. When the association was separately analyzed in groups divided by baseline FBG, only the group with normoglycemia showed a similar inverse association between height and diabetes development as our main result, and only lean individuals showed a similar inverse association between height and diabetes development.
In the present study, we found that height was inversely associated with diabetes risk. There have been many studies performed regarding the association between height and diabetes in various ethnic groups. The oldest study, which was performed in 11,654 Norwegians followed up for 12 years, showed a 29% decreased risk for diabetes per 5 cm increase of height only in females [9] . In a cross-sectional study performed in over 12,000 Dutch individuals, male in the lowest tertile group of height showed a 4.4-fold increased risk for type 2 diabetes mellitus compared to those in the highest tertile group [16] . In the Tehran Lipid and Glucose Study performed in 5,018 nondiabetic Iranians followed up for 6 years, a 1-SD increase in height was associated with a 38% decrease in diabetes risk only in females [17] . In a recent meta-analysis that included 250,497 participants and 7,765 cases of type 2 diabetes mellitus gathered from 17 studies, individuals in the highest category of height showed a 15% lower risk for type 2 diabetes mellitus compared to those in the lowest category, a finding that was only significant in females [12] . The present study showed a 23% increased risk of diabetes in the lowest quintile group compared with the highest quintile group, after adjustment for multiple factors. Our study results are meaningful in that the analyses were performed in an elaborate manner and this was the first study performed in an East Asian population.
The mechanism by which greater height is associated with a lower risk of type 2 diabetes mellitus is unclear. Height is considered as a marker of superior intrauterine and childhood nu- trition and growth, and inversely associated with cardiovascular disease risk [18] [19] [20] . The risk factors for glucose dysregulation such as obesity are also known to be determined by genetic and early environmental factors [21] [22] [23] . In other studies, short leg length and femur length, which reflect disturbed growth during puberty and childhood, were shown to be associated with type 2 diabetes mellitus risk [24, 25] . Other factors that might influence these relationships are the hormonal fac- Fig. 3 . Hazard ratio for development of diabetes according to subgroups of various diseases. Adjusted for age, sex, smoking, alcohol drinking, regular exercise, income status, hypertension, dyslipidemia, ischemic heart disease, cancer, chronic obstructive pulmonary disease, chronic kidney disease, and baseline body weight. HR, hazard ratio; CI, confidence interval.
tors relevant to growth, intrauterine environment and childhood nutrition, and vitamin D deficiency [26] [27] [28] . Especially in girls, increases in body fat in the prepubertal period can affect the initiation of menarche and the menstrual cycle, which influence final height in females [26] . This process may explain the sex difference observed in the effect of height on diabetes risk [12] . In summary, one's height reflects the degree of appropriate nutrition and environment during one's intrauterine period and childhood, affecting future development of diabetes in association with genetic factors. However, more has to be clarified regarding the mechanism between height and diabetes risk in various ethnic groups. In our study, the decreased risk for diabetes development was significant only in individuals with FBG within normal limits (<100 mg/dL) with an HR of 0.979, while in those with impaired fasting glucose, the HR for diabetes development was 1.023, suggesting that the inverse association between height and diabetes development was only significant in those with normal FBG. This result is a novel finding that could be interpreted to indicate that in participants who already have prediabetes, the effect of high FBG overwhelms the effect of short stature, suggesting that baseline FBG has a stronger influence than height on diabetes development. Similarly, the inverse correlation between height and diabetes risk was only evident in lean participants (BMI ≤23 kg/m 2 ), and the HR began to increase in individuals with BMI >23 kg/m 2 . This finding indicates that the effect of obesity overwhelms the effect of short stature when the participant is obese. In summary, there is a possibility that the inverse association between height and diabetes risk is only evident in those with normal glucose levels and those who are lean. As obesity and prediabetes are the two predominant strong risk factors for diabetes development, being obese and having high baseline glucose cannot be overwhelmed by the effect of short stature.
Our study has certain limitations. First, the diagnosis of future diabetes was defined only by the ICD-10 code and claims for anti-diabetic medication. Furthermore, those who satisfy postprandial diagnostic criteria for diabetes could not be identified. Therefore, some participants with diabetes could have been missed. Second, other obesity indices known to affect diabetes, such as waist-hip ratio, fat mass, or muscle mass could not be included in the analyses due to lack of data in our nationwide dataset. Third, the outcome determination was based on claim data and the analysis did not include the various biochemical parameters of the subjects. Fourth, the Korean NHIS data include different characteristic data profile according to age, that is, the data in those younger and older 40 years are very different in nature. Our data analyses did not satisfactorily consider these differences. Fifth, the follow-up period of our data was 5.6 years, which is relatively short to observe the full spectrum of the associations between height and diabetes development. Sixth, the measurement method of height was not standardized nor was according to a single protocol. Despite these limitations, the strength of our study is that it was the first performed on this topic in a large nationwide East Asian population of over 21 million.
In conclusion, an inverse association was observed between height and the risk for diabetes development in a large Korean population. In addition, these associations were evident only in those with normoglycemia and those who were lean, suggesting that the effects of fasting hyperglycemia and obesity on the development of diabetes could not be overwhelmed by the effect of short stature. Further analyses should be performed in multiple ethnic groups to determine whether the same results are observed in different races.
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